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© The present invention relates to a method of 
calibrating a system for the recording and readback 
of optically detectable data of the type which com- 
prises a record medium (30) formed from a material 
which is sensitive to optical radiation, means (67) for 
generating a beam of light (47), means (33) for 
scanning the beam of light relative to the surface of 
the medium, means (75) for selectively varying the 
intensity of the beam of light so as to record data at 
selected positions on the surface and means (79) for 
reading back the recorded data. The calibrating 
method comprises the operation of controlling the 
recording intensity of the beam of light so that 
signals from the readback means have a maximum 
amplitude. 

According to the invention the operation of con- 
trolling the recording intensity comprises utilising the 
beam of light to record a plurality of test patterns 
(29) on the surface of the medium each pattern 
being recorded with a different intensity of the beam 
of light, reading back the test patterns and generat- 
ing a readback test signal from each test pattern, 
detecting the readback test signal having the largest 
amplitude, and utilising the intensity of the beam of 
light used to record the test pattern which generates 
the readback test signal having the largest amplitude 



for the light beam when it is recording data. 

The invention also relates to apparatus for im- 
plementing the above method of calibrating. 
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The present invention relates to systems for 
the recording and readback of optically detectable 
data which are commonly called optical disk re- 
corders, and particularly to calibration of the light 
beams used in such systems. The invention is 
particularly useful for use with such systems using 
magneto-optic recording media. 

Some optical disk recorders employ constant 
lineal speed control, i.e., as the laser (light) beam 
scans radially more outward tracks, the rotational 
speed of the disk is reduced to maintain a constant 
lineal track scanning speed. Such recorders are 
often employed for audio and video recording. On 
the other hand, data recording devices, such as 
those used with computers and the like, employ a 
constant rotational speed. It is to be appreciated 
that at a constant rotational speed a signal of a 
given duration is recorded as a longer mark in a 
radially-outermost track on the disk than when re- 
corded on one of the radially-innermost tracks. 

In pulse-position-modulation (PPM) recording, 
the change in recorded mark lengths creates dif- 
ferent recording tolerances at different tracks of the 
disk. Different recording formats also result in dif- 
ferent recording tolerances. Since the scanning 
time for the different length marks is relatively 
constant, slight variations in speed and responsive- 
ness of the recording medium in the disk, particu- 
larly a magneto-optic medium, can be tolerated. 

However, when an encoding method know as 
pulse-width modulation (PWM) is employed, then 
the tolerances required for successful readback of 
the recorded information are reduced. PWM pro- 
vides for higher linear recording densities than 
PPM. In pulse-width modulation the duration of a 
pulse recorded on a record track is varied for 
indicating different informational values. For exam- 
ple, a relatively short duration pulse would repre- 
sent binary zero, a slightly longer pulse would 
represent a binary one, a yet longer pulse would 
represent a two, and so forth. A single recorded 
pulse could represent a number up to modulo 10 
or 16. Pulse-width modulation greatly enhances the 
data storing capability of a record medium. It is to 
he appreciated that this greater storage capability 
comes at a severe price in that distinguishing be- 
tween various pulse lengths is usually a difficult 
readback operation, particularly for interchangeable 
media. That is, one recorder may record pulses 
which tend to be long while another recorder may 
record pulses which tend to be short. Somewhere 
in between the short and long pulses a region of 
ambiguity exists as to the informational content of a 
given pulse which may not be reliably and readily 
determined even by sophisticated and complex 
readback circuits. Accordingly, it is desired to pro- 
vide a uniformity in recording for facilitating pulse- 
width modulation of information-bearing signals 



onto an optical medium such that not only is signal 
readback improved and facilitated, but also inter- 
change of media among a plurality of recorders is 
made more reliable. 

5 Optical recording systems have used constant 

intensity laser (light) beams for creating recorded 
pulses on an optical medium. It is also well known 
that pulsed or "serrated" writing signals can also 
be applied. That is, a series of short duration 

10 pulses effectively record a single long pulse on the 
record medium. Thermal diffusion of the heat in- 
duced into the recording layer by the recording 
laser beam also causes distortion of the recorded 
pulse in optical recording. It is desired to minimise 

75 the negative effects of such thermal diffusions by 
carefully calibrating the laser write pulses to pro- 
vide a uniformity of recording among a plurality of 
optical disk recorders. 

US-A-4,562,567 discloses an ablative optical 

20 recording system in which information is recorded 
in the form of optically-detectable, ablative changes 
in the optical medium in the form of pits. As soon 
as the formation of a pit is initiated by ablation, the 
intensity of the laser beam is reduced for forming a 

25 more accurate pit. A change in the reflectivity of 
the optical medium indicates the onset of pit forma- 
tion. Such a luxury is not found in magneto-optic 
recording. Even with this type of control, there is 
no assurance that the accuracy of the pits is main- 

30 tained from one type of optical medium to other 
types of optical medium. Therefore, it is still de- 
sired to provide for a laser calibration arrangement 
which ensures consistency among a plurality of 
optical recording media. 

35 EP-A-1 26,682 shows recording a binary test 

word on an optical disk comprising a monotonous 
series of one and zero logic bits of equal duration. 
Then, reading those recorded words and measur- 
ing the duration in the bits in the one and the zero 

40 states provides for calibrating the recording laser to 
obtain ones and zero recordings of equal duration 
(pulse-width). The calibration is setting the optical 
power of the laser to create one and zero recorded 
indices of equal circumferential duration. It is 

45 known that alternate ones and zeros are the high- 
est recording frequency resulting in the shortest 
duration or spacing between successive transitions 
(this statement is true for NRZ or NRZI formats). 
According to EP-A-1 26,682, test tracks are pro- 

50 vided at the beginning and end of the disk 
(innermost- and outermost- radial tracks) for pro- 
ducing a correction factor for engraving (recording) 
power as a function of radius, i.e., the change in 
engraving power apparently is linear with radius. 

55 Once the correct optical power value is deter- 
mined, then that power is used to carry out all the 
recordings that follow until it is judged useful to 
actuate a new test. The periodicity of such tests 
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are determined by the operator or automatically 
according to a computer program (not disclosed), 
for example, at the loading of a new disk in the 
engraving reading apparatus or at regular time in- 
tervals such as 48 hours. It appears that EP-A- 
126,682 does not disclose all of the variables nec- 
essary for providing a desired precise recording of 
optical media, i.e., only power value is changed. 

US-A-4,731 ,773, shows a magneto-optic re- 
corder having a write control which tends to reduce 
unwanted radial enlargement of a recorded mark 
on a disk. The shape of the heat inducing pulse is 
altered from an initial high recording initiating value 
to a recording sustaining value such that the re- 
sulted recording in the track is of substantially 
uniform width along the length of the track being 
scanned. US-A-4,731 ,733 shows that the control 
reduces synchronous noise, i.e, second harmonic 
noise; yet greater correction and control of the 
writing process is required for successful high lin- 
eal density pulse-width-modulation recording. 

EP-A-45,117 shows an ablative recorder which 
adjusts the laser power for minimising second har- 
monic (synchronous noise) distortion in optical re- 
cording. While the reduction of synchronous noise 
is certainly important, the reduction of synchronous 
noise does not indicate any control of pulse dura- 
tion necessary for effecting reliable pulse-width 
modulation and for high-density pulse-position 
modulation recording schemes for obtaining a 
maximal readback signal quality. 

EP-A-1 16,204 shows that a real-time feedback 
system adjusts the output power of the write laser 
or similar source for adjusting the modulation tim- 
ing of write beam. This adjustment nulls out any 
unwanted DC component that is exhibited by the 
recorded data. The feedback is achieved by a 
read-after-write operation and stabilises the timing 
of the transitions in the recorded area. The unwan- 
ted DC component is an example of asymmetry 
occurring in recorded pulses. While this arrange- 
ment provides for accurate recording it does re- 
quire read-after-write capabilities, i.e., a multiple- 
beam head. Such a multiple-beam head adds to 
the cost of the recorder apparatus. It is desired to 
provide for precise recording either with a single- 
beam system or with a recorder such as that 
described in EP-A-1 16,204 which is initially set by 
a precise calibration technique. 

US-A-3, 988,531 shows a system for compen- 
sating for pulse-length variations during readback. 
Such unintended length variations may give rise to 
duty factor errors. According to the system de- 
scribed, the compensating changes are made to 
the duty factor of the signal developed while read- 
ing the disk. These changes obviate spurious com- 
ponents attributable to duty factor error in image 
reproduction. The system described is an ablative 



system which employs ablated pits for indicating 
information with unablated areas constituting a spa- 
tial representation of a carrier signal frequency 
modulated by a band of video components. In the 

5 presence of duty factor error, the modulating com- 
ponent produces spurious counterparts in the 
baseband. In read-after-write, a photoreceptor re- 
sponds to the reading of the record track with a 
beam of energy to derive an output signal repre- 

w sentative of the frequency modulated carrier. In the 
presence of duty factor error, the output signals are 
further representative of the spurious component 
and have a phase and intensity indicative of the 
sense and extent of the duty factor error. The 

15 frequency selector derives the spurious component 
from the output of the photoreceptor. A compensa- 
tor having means responsive to the derived output 
signal develops a first set of timing signals. Means 
responsive to the derived spurious component is 

20 included for selectively delaying alternate transi- 
tional portions of the drive output signal by an 
amount related to the amplitude of the spurious 
component for developing a series of adjusted 
width pulses. The means responds to the adjusted 

25 width pulses served to develop a second set of 
timing pulses. Finally, means are responsive to the 
first and second set of timing signals to provide for 
generating a signal having a duty factor corre- 
sponding to a desired duty factor. While a carrier 

30 signal is used in video recording, audio and data 
recording are always baseband recording without a 
carrier. Therefore, this solution to a change in duty 
factor is not usable in a data baseband recording 
environment, nor does it appear to provide a com- 

35 plete control of recorded pulses so as to enable 
high density pulse-position modulation (PPM) or 
pulse-width modulation (PWM). 

Another duty factor correction system is shown 
in US-A-4,1 42,208. A feedback loop is provided for 

40 correcting the duty factor of a restored rectangular 
waveform when its value deviates from the value 
0.5. 

US-A-4,549,288 shows optical data recording 
apparatus which enhances a playback signal by 

45 comparing the lengths of the lands on a recording 
medium with the lengths of the pits. The playback 
signal is then changed to represent equality be- 
tween such lengths. It is preferred to effect correc- 
tion at the recording portion rather than relying on 

50 readback signal compensation techniques. 

The object of the present invention is to pro- 
vide an improved method and apparatus for cali- 
brating a system for recording and readback of 
optically detectable data. 

55 The present invention relates to a method of 

calibrating a system for the recording and readback 
of optically detectable data of the type which com- 
prises a record medium formed from a material 
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which is sensitive to optical radiation, means for 
generating a beam of light, means for scanning the 
beam of light relative to the surface of the medium, 
means for selectively varying the intensity of the 
beam of light so as to record data at selected 
positions on the surface and means for reading 
back the recorded data. The calibrating method 
comprises the operation of controlling the recording 
intensity of the beam of light so that signals from 
the readback means have a maximum amplitude. 

According to the invention the operation of 
controlling the recording intensity comprises utilis- 
ing the beam of light to record a plurality of test 
patterns on the surface of the medium each pattern 
being recorded with a different intensity of the 
beam of light, reading back the test patterns and 
generating a readback test signal from each test 
pattern, detecting the readback test signal having 
the largest amplitude, and utilising the intensity of 
the beam of light used to record the test pattern 
which generates the readback test signal having 
the largest amplitude for the light beam when it is 
recording data. 

The invention also relates to apparatus for im- 
plementing the above method of calibrating. 

In a particular embodiment of the invention, a 
large plurality of signals are recoded et the respec- 
tive diverse laser (light beam) power levels and the 
readback of the recorded signals at each of the 
respective laser power levels are averaged. The 
average feedback signal amplitudes are then com- 
pared with a maximum average signal amplitude 
read back indicating which laser power level is to 
be used for subsequent recording. In another pre- 
ferred embodiment of the invention, the envelope 
of the readback signal is used to indicate the 
amplitude of the readback signal. It is preferred 
that the test pattern represent the highest frequen- 
cy components, i.e. the shortest one-half 
wavelengths, to be used in the ensuing recording. 

In order that the invention may be more readily 
understood an embodiment will now be described 
with reference to the accompanying drawings, in 
which: 

Figure 1 is a diagrammatic illustration of the way 
in which the principle of invention can be imple- 
mented, 

Figure 2 is a diagram of a system for recording 
and read back of optically detectable data in 
which the principle illustrated in Figure 1 may 
be implemented, 

Figure 3 is a set of idealised optical recording 
patterns along with representative data for in- 
dicating parameters related to the principle illus- 
trated in Figure 1, 

Figure 4 is a simplified flowchart showing the 
calibration sequence used to implement the 
principle illustrated in Figure 1, 



Figure 5 is a simplified block diagram of a test 
pattern generator used in the system illustrated 
in Figure 2, 

Figure 6 is a simplified block diagram of a laser 
5 control arrangement used in the system illus- 
trated in Figure 2, 

Figure 7 is a simplified circuit diagram used to 
detect the average readback signal amplitude in 
the system illustrated in Figure 2, and 
10 Figure 8 is a simplified showing of a calibration 
track used in the practical embodiment of the 
principle illustrated in Figure 1 . 
Referring now more particularly to the draw- 
ings, like numbers indicate like parts and structural 
75 features in the various figures. Referring firstly to 
Figure 1, curve 10 represents the relationship of 
readback signal amplitude with respect to laser 
write power in a system for recording and readback 
of optically detectable data. The laser write power 
20 increases from the left along the horizontal axis 
which results in the recording of spots 12-15 of 
various different sizes along a signal record track 
30T. It has been determined that data signals 
should preferably be recorded using the laser pow- 
25 er value which results in the readback signal am- 
plitude as indicated by curve 10 reaching a maxi- 
mum or near a maximum as indicated by vertical 
line 1 1 . 

Using the laser power corresponding to the 

30 maximum readback signal amplitude provides an 
optimum recording laser power level for ensuring 
precise and faithful digital recording on the record 
medium. That is, the quality of the readback signal 
is a strong function of the marks 12-15 recorded on 

35 an optical record medium, particularly a magneto- 
optic (MO) record medium. When the recorded 
marks are too small, such as marks 12-13, the 
effective light reflected from the record medium 
results in a reduced readback signal amplitude. 

40 Further, when the marks are too large, (such as 
marks 15) then inter-symbol interference, as will 
become apparent, reduces the effective readback 
signal amplitude and also results in undesired peak 
shifting of the readback signal, which can cause 

45 signal detection errors. It is desired to produce 
recording marks, the size of marks 14, which result 
in a maximum readback signal amplitude and mini- 
mum peak shift. 

At either extremes of too small a mark or too 

50 large a mark, the signal to noise ratio (SNR) re- 
duces while jitter and peak shift increase, which 
reduces the probability of detecting the marks with- 
in a detection window as is known. Further, the 
mark size is also a strong function of the signal 

55 storage medium sensitivity, the ambient tempera- 
ture in which the medium resides, the recording 
pulse durations, spot size, laser power relative to 
the linear velocity of the medium as it passes by 
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the recording laser beam and the amplitude of the 
magnetic bias or steering field used in magneto- 
optic recording. In other forms of recording, mag- 
netic bias field is not used and is not a parameter. 

An optical recorder with which the calibration 
system of the present invention may be advanta- 
geously employed is shown in Fig. 2. A magneto- 
optic record disk 30 is mounted for rotation on 
spindle 31 by motor 32. Optical head-carrying arm 
33 on head-arm carriage generally denoted by 
numeral 34 moves radially of disk 30. A frame 35 
of the recorder suitably mounts carriage 34 for 
reciprocating radial motions. The radial motions. 
The radial motions of carriage 34 enable access to 
any one of a plurality of concentric tracks or cir- 
cumvolutions of a spiral track for recording data on 
and reading back data from disk 30. Linear actuator 
36, suitably mounted on frame 35, radially moves 
carriage 34 for enabling track accessing. The re- 
corder is suitably attached to one or more host 
processors 37. Such host processors may be con- 
trol units, personal computers, large system com- 
puters, communication systems, image process 
processors, and the like. Attaching circuits 38 pro- 
vide the logical and electrical connections between 
the optical recorder and the attaching host proces- 
sors 37. 

Microprocessor 40 controls the recorder includ- 
ing the attachment to the host processor 37. Con- 
trol data, status data, commands and the like are 
exchanged between attaching circuits 38 and 
microprocessor 40 via bidirectional bus 43. Includ- 
ed in microprocessor 40 is a program or microcode 
storing, read-only memory (ROM) 41 and a data 
and control signal storing random-access memory 
(RAM) 42. Microprocessor 40 controls the laser 
calibration, as will become apparent. 

The optical system of the recorder includes an 
objective or focusing lens 45 mounted for focusing 
and tracking motions on head arm 33 by fine 
actuator 46. This actuator includes mechanisms for 
moving lens 45 towards and away from disk 30 for 
focusing and for radial movements parallel to car- 
riage 34 motions; for example, for changing tracks 
within a range of 100 tracks so that carriage 34 
need not be moved each time a track adjacent to a 
track currently being accessed is to be accessed. 
Numeral 47 denotes a two-way light path between 
lens 45 disk 30. 

In magneto-optic recording, magnet 48 in a 
constructed embodiment (magnet 48 is an elec- 
tromagnet) provides a weak magnetic steering or 
bias field for directing the remnant magnetisation 
direction of a small spot on disk 30 illuminated by 
laser light from lens 46. The laser light spot heats 
the illuminated spot on the record disk to a tem- 
perature above the Curie point of the magneto- 
optic layer (not shown, but can be an alloy of rare 



earth and transitional metals as described in US-A- 
3,949,387). This heating enables magnet 48 to di- 
rect the remnant magnetisation to a desired direc- 
tion of magnetisation as the spot cools below the 

5 Curie point temperature. Magnet 48 is shown as 
oriented in the "write" direction, i.e., binary ones 
are recorded on disk 30 normally by "north pole 
remnant magnetisation". To erase disk 30, magnet 
48 reverses its magnetic field such that the south 

w pole is adjacent disk 30. Magnet 48 control 49, 
which is electrically coupled by line 50 to elec- 
tromagnet 48, controls the write and erase direc- 
tions of the electromagnet 48 produced magnetic 
steering field. Microprocessor 40 supplies control 

15 signals over line 51 to control 49 for effecting 
reversal of the recording direction. 

It is necessary to control the radial position of 
the beam following path 47 such that a track or 
circumvolution is faithfully followed and that a de- 

20 sired track or circumvolution is quickly and pre- 
cisely accessed. To this end, focus and tracking 
circuits 54 control both the coarse actuator 36 and 
fine actuator 46. The positioning of carriage 34 by 
actuator 36 is precisely controlled by control sig- 

25 nals supplied by circuits 54 over line 55 to actuator 
36. Additionally, the actuator control by circuits 54 
is exercised by control signals travelling over lines 
57 and 58 respectively for focus and fine tracking 
and switching actions of fine actuator 46. Sensor 

30 56 senses the relative position of fine actuator 46 
to head arm carriage 33 and supplies a relative 
position signal over line 69. 

The focus and tracking position sensing is 
achieved by analysing laser light reflected from 

35 disk 30 over path 47, passed through lens 45, and 
through a first half-mirror 60 and then reflected by 
a second half-mirror 61 to a so-called "quad detec- 
tor" 62. Quad detector 62 has four photo elements 
which supply signals respectively on four lines 

40 collectively denominated by number 63 to focus 
and tracking circuits 54. By aligning one axis of the 
detector 62 with a track centre line, track following 
operations are achieved. Focusing operations are 
achieved by comparing the light intensities de- 

45 tected by the four photo elements in the quad 
detector 62. Focus and tracking circuits 54 analyse 
the signals on lines 63 to control both focus and 
tracking. 

Recording or writing data onto disk 30 is next 
50 described. It is assumed that magnet 48 is sup- 
plying a steering field for recording data. Micropro- 
cessor 40 supplies a control signal over line 65 to 
laser control 66 for indicating that a recording op- 
eration is to ensue. This means that laser 67 is 
55 energised by control 66 to emit a high intensity 
laser light beam for recording; in contrast, for read- 
ing (readback), the laser 67 emitted laser light 
beam is at a reduced intensity for not heating the 
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laser illuminated spot on disk 30 above the Curie 
point. Control 66 supplies its control signal over 
line 68 to laser 67. Data circuits 75 supply data or 
write pulses over line 78 to control 66 for modulat- 
ing the operation of semiconductor laser 67 in a 
known manner. The laser 67 modulated light beam 
passes through polariser 70 (linearly polarising the 
beam), thence through collimating lens 71 towards 
half-mirror 60 for being reflected toward disk 30 
through lens 45. 

Data circuits 75 are prepared for recording and 
the microprocessor 40 supplies suitable control sig- 
nals over line 76. Microprocessor 40 includes con- 
trol circuits for effecting and controlling machine 
operations that occur too fast for being effected 
and controlled by micro-code execution. Micropro- 
cessor 40, in preparing circuits 75, is responding to 
commands for recording received from the host 
processor 37 via attaching circuits 38. Once data 
circuits 75 are prepared, data is transferred directly 
between host processor 37 and data circuits 75 
through attaching circuit 38. Data circuits 75 also 
include ancillary circuits (not shown) for generating 
ancillary signals relating to disk 30 format signals, 
error detection and correction and the like. Circuits 
75, during a read back or recovery action, strip the 
ancillary signals from the readback signals before 
supplying corrected data signals over bus 77 to 
host processor 37 via attaching circuits 38. 

Readback or recovering data from disk 30 for 
transmission to a host processor requires optical 
and electrical processing of the laser light beam for 
the disk 30. The portion of the reflected light (which 
has its linear polarisation from polariser 70 rotated 
by disk 30 recording using the Kerr effect) travels 
along the two-way light path 47, through lens 45 
and half-mirrors 60 and 61 to the data detection 
portion 79 of the head arm 33 optical system. Half- 
mirror or beam splitter 80 divides the reflected 
beam into two equal intensity beams, both having 
the same reflected rotated linear polarisation. The 
half-mirror 80 reflected light travels through a first 
polariser 81 which is set to pass only that reflected 
light which has been rotated when the remnant 
magnetisation on disk 30 spot being accessed has 
a "north" or binary one indication. This passed 
light impinges on photo cell 82 for supplying a 
suitable indicating signal to differential amplifier 85. 
When the reflected light has been rotated by a 
"south" or erased pole direction remnant mag- 
netisation, then polariser 81 passes no or very little 
light resulting in no active signal being supplied by 
photocell 82. The opposite operation occurs using 
polariser 83 which passes only "south" rotated 
laser light beam to photo cell 84. Photo cell 84 
supplies its signal indicating its received laser light 
to the second input of differential amplifier 85. The 
amplifier 85 supplies the resulting difference sig- 



nals (data representing) to data circuits 75 for de- 
tection. The detected signals include not only data 
that is recorded but also all of the so-called an- 
cillary signals as well. The term "data" as used 

5 herein is intended to include any and all 
information-bearing signals, preferably of the digital 
or discrete value type. 

The rotational position and rotational speed of 
spindle 31 are sensed by a suitable tachometer or 

10 emitter sensor 90. Sensor 90, preferably of the 
optical rising type that senses dark and light spots 
on a tachometer wheel (not shown) of spindle 31, 
supplies the "tach" signals (digital signals) to rota- 
tional position sensing (RPS) circuit 91 which de- 

75 tects the rotational position of spindle 31 and sup- 
plies rotational information-bearing signals to 
microprocessor 40. Microprocessor 40 employs 
such rotational signals for controlling access to 
data storing segments on disk 30 as is widely 

20 practised in magnetic data storing disks. Addition- 
ally, the sensor 90 signals also travel to spindle 
speed control circuits 93 for controlling motor 32 to 
rotate spindle 31 at a constant rotational speed. 
Control circuits 93 may include a crystal controlled 

25 oscillator for controlling motor 32 speed, as is well 
known. Microprocessor 40 supplies control signals 
over line 94 to control circuits 93 in the usual 
manner. 

Referring now more particularly to Figure 3, the 

30 relationship between pulse-position modulation 
(PPM) data and the actual signal recorded on a 
magneto-optic medium illustrates some of the pa- 
rameters of the operation of the calibration system 
of the present invention. The illustrated data shows 

35 two cycles of the pattern 1001 (highest density 
pattern) and two cycles of the pattern 100001 
which can be represented as a minimum 
wavelength and a nominal wavelength of an en- 
coded 2,7 D,K code. The resultant write pulses 100 

40 show the different one-half wavelengths of the re- 
cording signal. On the record medium spots 101 
are recorded for each of the write pulses respec- 
tively. It is to be appreciated that the spots 101 are 
made circular and are idealised to that extent. 

45 When the spots are relatively close together, i.e. at 
the highest frequency of the data to be recorded, 
then the readback signals 102 from each of the 
spots 101 interact to cause a readback signal por- 
tion 104 having reduced signal peak amplitudes. 

50 However, when the spots 101 are spaced further 
apart, i.e. at the lower frequency data repetition 
rates, the isolated read signals 103 are spaced 
further apart with resultant less intersymbol interfer- 
ence (each mark 101 is considered a symbol). As a 

55 result of less intersymbol interference, the read- 
back signal portion 105 has increased signal am- 
plitude. The intersymbol interference of the closely 
spaced marks 101 can also result in substantial 
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peak shift of the peaks in the portion 104. The size 
of the recorded data marks 101 is affected by all of 
the parameters stated above with respect to Figure 
1. An easy way to control the size of the marks 101 
but optimise the size for the highest frequency of 
operation is through adjustment of laser power. 

Figure 4 is a flowchart which illustrates the 
implementation the calibration system of the 
present invention in a constructed embodiment. 
This flowchart assumes that the focus of laser 
beam at path 47 has been achieved through the 
focusing of lens 45 as is known. A plurality of 
separate calibration tracks 29 are provided at a 
radially inward portion of disk 30. The initial de- 
scription assumes that a calibration track has been 
selected. A first step is to high power erase the 
calibration track at machine step 110. A high power 
erase refers to an erasure in which there remains 
insubstantial residual recording; that is when a data 
track is erased, the power of any residual recording 
is less than the writing or recording laser power 
level. As a result, some residual remnant mag- 
netisation may reside even after erasure, which is 
not a problem during normal recording. However, it 
could have an effect on the power calibration and 
therefore the erasure power is at least at the level 
of recording. Then at machine step 111, a test 
pattern is written. In the illustrated embodiment for 
a 2,7 D,K code the highest frequency of data 
recording is represent by a three-bit pattern (100) 
where the binary 1 represents a write pulse and the 
binary 0's represent allowing the track to remain at 
the erasure direction. Successive (100) patterns 
cause a signal pattern as shown in Figure 3. It is 
desired to calibrate the laser at the highest fre- 
quency because of maximum intersymbol interfer- 
ence which reduces the amplitude of the readback 
signal as shown in Figure 3. The test pattern is 
written in step 111 on the second rotation of disk 
30. The test pattern includes repetitions of the 
(100) pattern at a large plurality of different or 
diverse laser power levels which will become ap- 
parent. 

The just recorded test pattern on the calibration 
track is then read with the readback signal am- 
plitude being envelope detected for measuring and 
indicating the readback signal amplitude for each 
of the respective laser power levels used during 
machine step 111. As will be later described, a 
plurality of repeated test patterns with identical 
changes in laser power recording levels may be 
employed for accommodating variations of medium 
sensitivity. The reading (readback) step 112 effects 
separation of all different power level recordings 
such that the measured readback signal amplitude 
can be averaged in machine step 113. Machine 
step 113 is formed within microprocessor 40 
wherein all of the sample amplitudes sensed by 



machine step 112 and supplied to microprocessor 
40 are used to calculate the mean for samples 
from the test patterns. Curve 10 of Figure 1 repre- 
sents the results of such calculations. 

5 Microprocessor 40 can also use known curve 

smoothing algorithms for eliminating out of range 
data points and to perform a known curve fitting 
procedure to generate the curve 10. One curve 
fitting procedure found effective is a second order 

w polynomial least square fitting algorithm. Once the 
curve data is generated, then at machine step 114 
microprocessor 40 determines which laser power 
level resulted in a peak amplitude as represented 
by vertical line 11 of Figure 1. The actual write 

15 power is selected at machine step 115. The se- 
lected write power would be the most appropriate 
write power which is a digital to analog converter 
setting (DAC) that gives a maximum readback sig- 
nal amplitude for higher signal quality. 

20 To ensure highest quality, the calibration op- 

eration can be repeated by selecting another track 
at the radial midpoint of the recording area and 
then at the radially outer region of the recording 
area. Then the recording area can be zoned and 

25 different laser power levels can be determined for 
the radially inner tracks, the middle tracks and the 
radially outer tracks of the recording zone. The 
laser power can be adjusted linearly by using inter- 
polation techniques for all of the tracks in between 

30 the radially inner, the middle and the radially outer 
calibration tracks. In many instances, calibrating at 
the radially inner tracks is sufficient. The selected 
write power can be a predetermined percentage of 
the measured write power, such as 95 percent. The 

35 back setting is done by a percentage of the in- 
dicated laser power level resulting in the maximum 
sent readback signal amplitude. Then at machine 
step 116, microprocessor 40 selects the erase 
power to be 80 percent of the recording or write 

40 power selected in machine step 115. All of the 
above steps 110-116 assume operation at a se- 
lected calibration track. 

The selection of a track for calibrating laser 
power can have a significant effect on the quality of 

45 recording. Magneto-optic media are subject to sen- 
sitivity shift with time (SST) which can cause vari- 
ations in recording at the same recording laser 
power level. The SST for a given record medium is 
dependent upon the composition of the magneto- 

50 optic layer as well as other manufacturing tech- 
niques used in making a record medium. On some 
magneto-optic media the SST results in a reduced 
sensitivity to laser recording; i.e. a smaller mark 
101 is generated for the same level after an SST 

55 has occurred for the magneto-optic medium. In 
other compositions, the SST is towards increased 
sensitivity wherein a larger mark 101 occurs in 
those areas being subject to SST. Therefore it is 
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desirable to calibrate the laser on those tracks not 
subject to SST. 

SST usually shows up in those areas of a 
record medium which are repeatedly accessed for 
recording and erasure; i.e. subject to update in 
places such as the directory areas of a record 
medium. On some magneto-optic media, SST oc- 
curs after 10,000 magnetisation reversals, i.e. re- 
cordings and erasures. The rate of SST will also 
vary. The SST can occur in only one sector of a 
track because that one sector is repeatedly erased 
and rewritten. Which sectors are repeatedly erased 
and rewritten usually is not logged and therefore it 
is unknown without performing time consuming 
tests on such sectors. 

One way to avoid SST is to assign a predeter- 
mined number of calibration tracks such as tracks 
29 in Figure 2. Then within the group of tracks, a 
track is randomly selected for reducing the effects 
of repeated calibrations causing SST. Random se- 
lection of a track at machine step 117 reduces 
such SST. Because calibration is so important the 
number of erasures and rewriting as performed in 
steps 110 and 111 is recorded as reference R in 
one of the sectors of the track 30T as seen in 
Figure 8. 

The first machine step 118 after randomly se- 
lecting the track at machine step 117 is to read 
sector R of track 30T and detect the number of 
reversals in that track. In machine step 118, micro- 
processor 40 compares the number in sector R of 
the selected calibration track with a maximum per- 
mitted number of calibrations, such as 10,000. If 
the number R is less than 10,000, then steps 110- 
116 are performed within that randomly selected 
track. If the maximum number of calibrations in the 
randomly selected track exceeds the threshold 
such that SST may occur, then at machine step 
119 microprocessor 40 causes the focus and track- 
ing circuits 54 to move the fine actuator 46 to an 
adjacent calibration track where machine step 118 
is repeated. This loop can reoccur until a calibra- 
tion track is found which has less than the maxi- 
mum number of calibrations performed. Instead of 
seeking to an adjacent track in machine step 119, 
another random selection may occur through 
microprocessor 40 microcode control. Such ran- 
dom track selection can be by a program effected 
random number selection. 

Figure 5 shows the generation of the write 
pattern. The calibration is initiated by microproces- 
sor 40 causing the focus and tracking circuit 54 to 
move the beam of radiation to one of the calibra- 
tion tracks in calibration track set 29. Subsequent 
to machine step 110, microprocessor 40 defines an 
activating signal over line 76C, which is one of the 
lines in cable 76 of Figure 2, to activate encoder 
120. Encoder 120 when activated repeatedly sup- 



plies data pattern (100) over line 122 to AND circuit 
121 which is enabled by the activating signal on 
line 76C. AND circuit 121 passes the repeatedly 
generated test pattern (100) over line 123 through 

5 OR circuit 124 to pulse shaper 126. Shaper 126 
converts the data into write pulses 100, as shown 
in Figure 3. AND circuit 127 is enabled by a write 
enable signal on line 128, received from micropro- 
cessor 40, to pass the write pulses to line 78 which 

10 then travel to the laser control 66 (Figure 2) while 
recording the repeated test pattern. 

It should be noted that the signal at line 128 
enables AND circuit 127 only during the recording 
area of the respective sectors of a calibration track; 

75 that is, each track on disk 30 is divided into sectors 
which are on radially extending lines equi-angularly 
spaced apart throughout the circumference of disk 
30. For example, each track is divided into 25 
sectors. The sectors are separated in a hard sector 

20 disk using embossed indicia which indicate the 
sector number, track number, and the onset of data 
recording area. Microprocessor 40 indicates to 
RPS circuit 91 the location of the sector identifica- 
tions, as well as the recording areas as is known in 

25 the disk art. Microprocessor 40 responds to RPS 
circuit 91 in a known manner for generating a 
record signal over line 128, which is also a portion 
of line 76 to data circuit 75. Therefore, the line 78 
carried write pulses are timed through angular or 

30 rotational position sensing in the usual manner. 

Figure 6 is a part of control 66 for energising 
the laser 67. The recording pulse level is deter- 
mined by microprocessor 40 by sending a number 
over cable 65A, a portion of line 65 of Figure 2, 

35 which indicates the desired laser recording power 
level. Digital to analog converter DAC 130 converts 
the number on cable 65A into an analog value. 
Amplifier 131 amplifies the analog value to a pre- 
determined level on line 132. Modulator MOD 133 

40 receives the write pulses over line 78 from the 
Figure 5 illustrated circuits. When the write pulses 
100 are at a zero level, then modulator 133 is 
activated to divert the signals on line 132 through a 
current source switch from laser 67. During such 

45 diversion, modulator 133 supplies a minimum laser 
power activating signal over line 68 to laser 67 
which is insufficient to cause a reversal of mag- 
netisation in disk 30 as explained with respect to 
Figure 2. Whenever write pulses 100 are at level 

50 W, then modulator 133 is activated by the write 
pulses to remove the current diversion and direct 
the current from amplifier 131 to laser 67 over line 
68. This additional current drive to laser 67 causes 
it immediately to emit a higher power laser beam 

55 for heating the disk 30 in the impinging area of the 
laser beam above the Curie point for reversing the 
magnetisation of the disk 30 at that spot 101, as 
described with respect to Figure 2. In usual data 
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recording, the data to be recorded is supplied over 
line 125 by data circuit 75 in synchronism with the 
RPS circuits 91 indicating rotational position, all as 
known. The sequence of writing the patterns and 
the actual patterns resulting is later described with 
respect to Figure 8. 

Figure 7 illustrates the detection of the re- 
corded test patterns and the resultant generation of 
indicated readback signal amplitude. Figure 7 illus- 
trates the operation, in part, of machine step 112 
(Figure 4). The reflected light from disk 30 is split 
into two beams which impinge upon photodiodes 
82 and 84 respectively, as best seen in Figure 2, 
rather than the separate connections to differential 
amplifier 85. As shown in Figure 7, diodes 82 and 
84 are connected in cascade with the centre con- 
nection being an input to operational amplifier 140. 
Operational amplifier 140 outputs readback signals 
104, 105 (Figure 3) over line 141 to the usual data 
detection circuits which are located within data 
circuit 75. Additionally, envelope detector 142 re- 
ceives readback signals 104, 105 for generating an 
average signal amplitude as will become apparent. 
Envelope detector 142 includes amplifier 144, 
which supplies the readback signals through recti- 
fier 145 to integrator capacitor 146. Integrator ca- 
pacitor 146 in turn supplies the integrated or 
averaged value through amplifier 147 to analog to 
digital converter 148. Analog to digital converter 
148 generates a numerical value for the amplitude 
which is supplied over cable 76E to microproces- 
sor 40. In the constructed embodiment one level of 
laser write power was used to record the test 
pattern (100) in a given sector of the disk. Accord- 
ingly, when a sector is terminated, microprocessor 
40 supplies a signal over line 76S for resetting 
ADC 148 and squelching integrator 146 as repre- 
sented by switch 149, all in preparation for reading 
the next sector containing the test pattern. Micro- 
processor 40 samples the signals on cable 76E just 
before sending signals 76S. The operation just 
described is repeated for each sector of the cali- 
bration track or tracks such that microprocessor 40 
creates a table of sensed readback signal am- 
plitudes based upon signal envelope integration. 
Upon completion of the sensing step 112, micro- 
processor 40 will have a complete table of all 
sensed values for calculating the mean average 
value using the curve fitting algorithm described 
with respect to machine step 113. 

The algorithm for recording the diverse laser 
power level test patterns in machine step 111 is 
described with respect to the illustrated tracks of 
Figure 8. Track 30T is shown as one sequence of 
diverse laser powers in a single calibration track. It 
is to be understood that the sectors within track 
30T all have the same circumferential length, the 
sectors being shown of different length to accom- 



modate the symbology representing the signal lev- 
els within the respective sectors. Sector R, which is 
located immediately adjacent to the usual index 
mark of the optical disk, contains the number of 

5 times a calibration has occurred on the track for 
indicating exposure to SST. Erasure step 110 
erases all of the sectors except sector R. The laser 
power is determined by microprocessor 40 activat- 
ing DAC 130. The value supplied over cable 65A to 

w DAC 130 is incremented at each sector mark re- 
presented in Figure 8 by the vertical lines between 
the indicated sectors as between sectors R and L. 

The first recorded test pattern sequence is at a 
minimum laser 67 power level for recording in- 

15 dicated by the letter L in sector L. Each subse- 
quently recorded sector in the track has an in- 
creased laser power level of a predetermined step 
size. Step size is determined empirically. 

As mentioned above, each magneto-optic me- 

20 dium may have different sensitivities based upon 
differing compositions and the like and other fac- 
tors. Sensitivity may also vary with the ambient 
temperature in which the disk resides. Generally, 
the empirical determination will find a minimum 

25 and maximum laser power level for use in laser 
power calibration for writing. 

In view of changes of laser operation, it is well 
to calibrate track 30 before doing a write laser 
calibration, such that it is known the exact laser 

30 output for each DAC 130 setting. Various means for 
calibrating the laser 67 to power level can be 
employed and are not pertinent to an understand- 
ing of the present invention, nor is it absolutely 
required. 

35 In the constructed embodiment, the range of 

laser power varied from about 5 milliwatts to over 8 
milliwatts. The steps of laser power variation from 
sector to sector were selected to be substantially 
less than 1 milliwatt, for example about one-fourth 

40 milliwatt. The numeral N in Figure 8 represents the 
size of the step, for example the minimum laser 
power such as 5 milliwatts was used to record the 
test pattern in sector L. In sector L + N the laser 
power level for recording the test pattern was 5.25 

45 milliwatts, for example. In sector L + 2N the laser 
power used was 5.5 milliwatts, for example. This 
linear increase occurs throughout track 30T until 
the maximum laser power M is reached, such as 
8.7 milliwatts. Of course the sectors contiguous 

50 with sector M have reduced laser power recording, 
such as M - N and M - 2N. 

It has also been observed that the sensitivity of 
a magneto-optic medium may vary from one area 
of disk 30 to another area of disk 30; therefore, 

55 using a single iteration of laser recording power 
levels may be insufficient to find truly a good 
average for determining the mean laser power to 
be used for recording signals in ensuing recording. 
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One procedure for achieving this variation is first to 
record the calibration track as indicated in Figure 8 
for track 30T. In a subsequent iteration of calibra- 
tion, the level L may be moved one quadrant or 90 
degrees of the track, with the track being rerecor- 
ded as in steps 110 and 111 but circumferentially 
offset. This procedure can be repeated four times 
resulting in eight reversals of the magneto-optic 
coating of track 30T for one calibration. A preferred 
accommodation of variation of recording sensitivity 
in disk 30 is to provide a plurality of iterations of 
laser power variation within one recording as oc- 
curs in one of the selected tracks of calibration 
tracks 29. Numerals 160 show zone 1 through zone 
4 for providing four iterations of laser power vari- 
ations within one track before zoning of track 160 is 
useful, when the sensitivity variations are frequent. 

Increasing the number of zones may require 
increasing the size of steps of laser power vari- 
ations between adjacent sectors, which may result 
in more difficult curve fittings for generating curve 
10. In one embodiment two zones, zones A and B, 
were generated as in track 161 for providing two 
iterations of laser power variations. In each of the 
iterations, the laser power has varied from the 
minimum value L to the maximum value M in a 
linear sized set of steps for ease in calibrating the 
laser power level using linear techniques. 

While the present description shows a set of 
calibration tracks 29 at the radially innermost por- 
tion of the recording area of disk 30 whereat the 
wavelength is the shortest and inner symbol inter- 
ference is the greatest, no limitation thereto is 
intended. For example, the calibration tracks can 
be distributed between the radially innermost por- 
tion, a middle portion and the radially outermost 
portion with a track in each of the sets of calibra- 
tion tracks being randomly selected and the cali- 
bration procedure repeated in each of the three 
sets of calibration tracks. It is preferred, of course, 
that the tracks be dedicated to calibration. Also 
included within the scope of the present invention 
is the idea that, when the disk is initially used, a 
first set of calibration tracks may be dedicated and 
all other tracks used for data. At some later date, 
the data used tracks may be replaced as calibra- 
tion tracks by a selection procedure which mea- 
sures the usage of the respective tracks; that is, 
each sector of the disk may have a counter which 
counts the number of write accesses for indicating 
the sensitivity change or SST factor for all of the 
sectors. During off periods of operation all of the 
sectors can be read and from this it can be deter- 
mined which tracks have the least usage and there- 
fore have the least exposure to SST. Most tracks 
can then be assigned to the calibration tracks. 
Since it is preferred to use radially innermost 
tracks, then an allocation algorithm should be em- 



ployed for preferring the radially outermost tracks 
as being tracks first allocated for data usage. Later, 
as the disk usage proceeds and a defragmentation 
of data is used for consolidating like data sets, then 

5 during such defragmentation the write usage in- 
dicators are read with the highest write usage in- 
dicator data being moved to the radially outermost 
tracks. For this to operate successfully, two count 
numbers are required; one number for the total 

10 count for the respective sector and a second num- 
ber which is time dependent for the number of 
updates for the data currently stored in the sector. 
The defragmentation would take the frequently up- 
dated data and store it on a radially outermost 

75 track for reducing the effect of SST. 

Claims 

1. A method of calibrating a system for the re- 
20 cording and readback of optically detectable 

data of the type which comprises a record 
medium (30) formed from a material which is 
sensitive to optical radiation, means (67) for 
generating a beam of light (47), means (33) for 

25 scanning said beam of light relative to the 

surface of said medium, means (75) for selec- 
tively varying the intensity of said beam of 
light so as to record data at selected positions 
on said surface and means (79) for reading 

30 back said recorded data, 

said calibrating method comprising the op- 
eration of controlling the recording intensity of 
said beam of light so that signals from said 
readback means have a maximum amplitude, 

35 

characterised said operation of controlling 
said recording intensity comprises 

utilising said beam of light to record a 
40 plurality of test patterns (29) on the surface of 

said medium each pattern being recorded with 
a different intensity of said beam of light, 

reading back said test patterns and gen- 
erating a readback test signal from each test 
45 pattern, 

detecting the readback test signal having 
the largest amplitude, and 

utilising the intensity of the beam of light 
used to record said test pattern which gen- 
50 erates said readback test signal having the 

largest amplitude for said light beam when it is 
recording data. 

2. A method as claimed in Claim 1 characterised 
55 in that said test patterns are recorded in se- 
quence and the intensities of the beam of light 
used to record successive patterns vary by a 
preselected amount. 
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3. A method as claimed in either of the preceding 
claims characterised in that said test patterns 
are located in different regions of said medium. 

4. A method as claimed in Claim 3 characterised 
in that said medium is a disk and said different 
regions of said medium containing said test 
patterns radially are spaced apart radially 
across said disk. 

5. A method as claimed in claim 4 characterised 
in that said different regions are selected on 
the basis of the amount of use for recording 
data. 

6. Apparatus for calibrating a system for the re- 
cording and readback of optically detectable 
data of the type which comprises a record 
medium (30) formed from a material which is 
sensitive to optical radiation, means for gen- 
erating a beam of light (47), means (33) for 
scanning said beam of light relative to the 
surface of said medium, means (75) for selec- 
tively varying the intensity of said beam of 
light so as to record data at selected positions 
on said surface and means (79) for reading 
back said recorded data, 

said calibrating apparatus comprising 
means for controlling the recording intensity of 
said beam of light so that signals from said 
readback means have a maximum amplitude, 

characterised said means for controlling 
said recording intensity comprises 

means for utilising said beam of light to 
record a plurality of test patterns (29) on the 
surface of said medium each pattern being 
recorded with a different intensity of said beam 
of light, 

means for reading back said test patterns 
and generating a readback test signal from 
each test pattern, 

means for detecting the readback test sig- 
nal having the largest amplitude, and 

means for utilising the intensity of the 
beam of light used to record said test pattern 
which generates said readback test signal hav- 
ing the largest amplitude for said light beam 
when it is recording data. 

7. Apparatus as claimed in Claim 6 characterised 
in that said test patterns are recorded in se- 
quence and the intensities of the beam of light 
used to record successive patterns vary by a 
preselected amount. 
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characterised in that said test patterns are lo- 
cated in different regions of said medium. 

9. Apparatus as claimed in Claim 8 characterised 
in that said medium is a disk and said different 
regions of said medium containing said test 
patterns radially are spaced apart radially 
across said disk. 

10. Apparatus as claimed in Claim 9 characterised 
in that said different regions are selected on 
the basis of the amount of use for recording 
data. 
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8. Apparatus as claimed in Claim 6 or Claim 7 
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